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What is “NEW” in polarized p+A @RHIC ?

Ming Liu
Cesar da Silva pA@RHIC
e “Large” transverse spin asymmetry £ —oan
— Physics origins under study & —ry
« “Significant hints” of small-x gluon g

saturation in heavy A
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— Needs further experimental clarification d+Au
0.4
 Key observables
0.2
— A-scan
— Centrality dependence in p+A 0 el M B B
— A_Nvs centrality, A ... ’ ? * ° ° Iy [fnl-ﬁ
— Some other observables?
® Zhongbo Kang pA@RHIC
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Pbeam=12 Gevi/c

Pbeam=22 Gev/c

Pbeam=200 Gev/c
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=" Sources of Transverse SSA’s

“Sivers effect”
TMD: Correlation between nucleon spin and parton ky.  s-

Phys. Rev.D 41,83 (1990) | g5t o £1d(y ki) D;(Z) P Kra
\
v

Phys. Rev. D 43, 261, (1991)

Sivers distribution

Twist-3: Quark-gluon correlations in polarized hadron
Phys. Rev. D 59, 014004 (1998)
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“Collins effect”

TMD: Transversity distributions + Spin dependent P Tf
fragmentation functions ) N —
Nucl. Phys. B 396, 161 (1993) do' x \561(35),’{{1 (Zzakll)

~
Transversity Collins FF

Twist-3: Transversity combined with twist-3
quark-gluon fragmentation function
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Somew Challenge: A Sign Mismatch

Collins or Sivers?

e Twist-3 (RHIC) v.s. Sivers (SIDIS)

Ay p+p —> 7+X at vs=200 GeV
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M 1T

k? 2
9Ly r(z,x) = —/d27ﬁ’ L 9z, k%)|sipis

Qiu,Sterman
Kouvaris et al.
Kanazawa,Koike
Kang Prokudin

A possible solution? Kang, Prokudin PRD (2012)

*SI\DIS Data

. unknown

viing LIU, pPA@RKHIL

Collins dominates?
U. D'Alesio@QCDN12

Need more datal!



» Los Alamos

NATIONAL LABORATORY

Could “A” affect Collins Fragmentation Function?

* Unpolarized quark  How about Collins
fragmentation “is polarized fragmentation
modified” in SIDIS functions in p+A?

— hadronization — Hadronization in CGC?
Sp
Kwatar Hafidi pA@RHIC B sﬂf‘

P
SEI X‘I{Tﬂ-’

oy & = h Key observables:

A - Collins A_N asymmetry inside a Jet in p+A
- Centrality dependence, (pT, z, PID...)
- NO polarized e+”A”, uniqgue @RHIC
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Collins Asymmetry inside Jets

e Significant non-zero spin
asymmetry observed @RHIC
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Collins Asymmetry A= 2 <sin(<|>S - ¢h)> VS. z

Identification of Jets

Calorimeters
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Midpoint Cone Algorithm
hep-ex/0005012

Collins Asymmetry A= 2 <sin(q>S - q>h)> VS. jT
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I systematic uncertainties

r A 7 Asymmetry
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systematic uncertainties

STAR Preliminary
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e Drell-Yan and Direct photon in p+A in “small-x"
e High luminosity possible

Sivers Asymmetry and CGC

— L=15~35 pb!/wkx 20 wks = 300~750 pb! (Wolfram Fischer pA@RHIC)

Zhongbo Kang pA@RHIC
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= The maximum happens at y~3, which corresponds to xp ~ 0.2 in the polarized
proton (the Sivers function is largest at around this point)
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Drell-Yan backgrounds and control with FVTX/VTX

§105-
§1d;s
1()"’%—
16%
10%
10—El l 10 — 121
. . assi(caV) FVTX/VTX has been successfully installed
Vs = 200 GeV simulation, p+p pythia and working since 2012/2011.

* Between 4 GeV/c? and 8 GeV/c? is thought to be dominated by
Drell-Yan process and correlated BB.

« We would separate Drell-Yan process and correlated BB which have different decay length,
using silicon vertex detector, (F)VTX between 4 and 8 GeV/c?.

. V\{%%Ig get order of a thousand events l\ljl% EE%Q@QHE with FVTX with 50 pb. 3
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Could TMD “Restored” p+A Collisions?

* Theoretical challenges

— validity of factorization, universality .
— TMD, Twist-3...

Breakdown of TMD in p+p

TMD factorization does not work for pp to hadrons.

Possible restoration in p+A?
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R Polarized p+A @RHIC!

* High polarization
— ~60%

* High luminosity
— 15 ~ 35 pb/wk

* Exciting Unique
physics

e &
: IR <R
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